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(54) SEMICONDUCTOR DEVICE AND FABRICATION THEREOF 

(57)Abstract: 

PURPOSE: To obtain a semiconductor device having 
excellent punch-through characteristics and low 
interconnection resistance by providing a first region on 
the outer circumference of the gate, a second region 
having lower resistivity than the first region on the outer 
circumference of the first region, and a third region 
having lower resistivity than the second region on the 
outer circumference of the second region. 
CONSTITUTION: A first region 107 of the first 
conductivity type is provided on the surface of a 
substrate on the outer circumference of the gate 106 of 
a FET transistor, and a second region 1 09 of the first 
conductivity type having resistivity lower than that of 
the first region 107 is provided on the outer 
circumference of the first region 107. Furthermore, a 
third region 1 1 1 of the first conducitivity type having 
resistivity lower than that of the second region 109 is 
provided on the outer circumference of the second 
region 109. For example, a gate electrode 106 is formed 
and then an LDD region 107 is formed by ion implantation. Subsequently, a first side wall region 
108 is formed followed by formation of a first O-V region 109. Finally, a second side wall region 
110 and a second O-V region 111 are formed. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect 
the original precisely. 

2 **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



[Claim(s)] 

[Claim l] A semiconductor device which has at least one or more field-effect transistors 
formed in the substrate surface which is characterized by providing the following, and 
which consists of a semiconductor The first field which has the first conductivity type on 
said substrate surface located in the gate periphery section of said field-effect transistor 
The first conductivity type is shown in said first field periphery section, and it compares 
with said first field, and is the second field where specific resistance is small. The first 
conductivity type is shown in said second field periphery section, and it compares with 
said second field, and is the third field where specific resistance is small. 
[Claim 2] A manufacture method of a semiconductor device of having at least one or 
more field-effect transistors formed in the substrate surface which is characterized by 
providing the following, and which consists of a semiconductor A production process 
which carries out the ion implantation of at least one kind of element while using a gate 
field of said field effect transistor as a mask (B, P, As, Sb, Ga, In, S, Se, Zn) A production 
process which forms the first mask field in said gate field periphery in self align A 
production process which pours in ion which contains at least one kind of element 
among (B, P, As, Sb, Ga, In, S, Se, Zn) once [ at least] A production process which forms 
the second mask field in said first mask field periphery in self align, and a production 
process which pours in ion which contains at least one kind of element among (B, P, As, 
Sb, Ga, In, S, Se, Zn) once [ at least ] 
[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the structure of the active element in 
an integrated circuit element, and the manufacture method of an active element. 
[0002] 

[Description of the Prior Art] Conventionally, the manufacture method as shown below 
was learned for the metal-oxide-film-semiconductor (it calls for short Following MOS) 
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field-effect transistor (it calls for short Following FET) used for the large-scale 
integrated circuit (it calls for short Following LSI). Nchannel metal oxide 
semiconductor FET is taken for an example, and the structure and the manufacture 
method are briefly explained based on drawing 3 . 

[0003] The P WELL field 302 of carrier density 3xl016cm-3 is formed in the silicon 
substrate 301 of n mold of carrier density 2xl015cm-3. Next, boron ion is driven in as a 
channel dope and 20nm gate oxide 303 is formed by the oxidizing [ thermally ] method. 
Next, the 400nm polish recon by which the phosphorus dope was carried out is 
deposited by the chemical- vapor- deposition method (Chemical Vapor Deposition: call it 
a CVD method for short below). Next, the gate field 304 is formed according to a usual 
photograph RISOGURAFU stroke and a usual dry etching stroke. Next, a phosphorus 
ion-implantation production process is performed to Nch, and the LDD field 305 is 
formed in self align ( drawing 3 (a)). 

[0004] Next, after forming an oxide film with a CVD method, the high dry etching 
production process of an anisotropy is performed. An isotropic high oxide film forms by 
using a CVD method, by using the high dry etching method of an anisotropy, an oxide 
film remains only by both side of polish recon, and the sidewall field 306 is formed in it 
( drawing 3 (b)). 

[0005] And next, phosphorus is driven in about [ five E15cm - ] two, and the source / 
drain field 307 is formed. Moreover, since an impurity is contained in high concentration 
and specific resistance is low, this field is used also as wiring to which between each 
element is connected. 

[0006] Lamp annealing treatment for activating the driven in impurity at the end is 
performed, and Nchannel metal oxide semiconductor FET is formed ( drawing 3 (c)). 
[0007] Although the manufacturing process of Nchannel metal oxide semiconductor 
FET was explained above, this serves as a manufacturing process of P channel 
MOSFET as it is by changing an ion kind at an ion implantation production process. 
[0008] 

[Problem(s) to be Solved by the Invention] However, it is known for the conventional 
structure that the phenomenon called the "punch-through" to which it is greatly spread 
according to the physical development of transient enhanced diffusion, effective channel 
length is short carried out, and device pressure -proofing is reduced by the last lamp 
annealing treatment will arise. 

[0009] In order to press down this phenomenon, it is effective to reduce the high 
impurity concentration of the source / drain field, but when wiring resistance goes up in 
that case and it sees as a device, a time constant prolonged effect will cause effect which 
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is called the speed fall as a final device and which is not desirable. 

[0010] Therefore, when it sees from two viewpoints of punch-through prevention and a 
working speed, a method only has using both compromise and the high impurity 
concentration of the source / drain field has the trouble that the engine performance of a 
product will fall as a result. 

[0011] In order to reduce wiring resistance and to raise a device working speed as this 
cure, the technique of forming titanium silicide etc. in the source / drain field in self 
align is also proposed. However, in this process, there is a trouble that it is difficult for 
an impurity to acquire the process which a lifting and lifting-coming to be easy of a 
punch-through too are known in anomalous diffusion, and was stabilized, at the 
production process to which titanium is made to react with the silicon of a substrate by 
heat treatment. 

[0012] Then, it aims at offering the device structure of the semiconductor device and its 
manufacture method of this invention solving such a conventional trouble, and excelling 
in a punch-through property, and realizing low wiring resistance, and its manufacture 
method. 
[0013] 

[Means for Solving the Problem] In order to solve such a conventional trouble, a 
semiconductor device and its manufacture method of this invention have the feature 
described below. 

[0014] (1) In a semiconductor device which has at least one or more electric field effects 
FET formed in the substrate surface which consists of a semiconductor The first field 
which has the first conductivity type on 6aid substrate surface located in the gate 
periphery section of said electric field effect FET, The first conductivity type should be 
shown in said first field periphery section, indicate the first conductivity type to be the 
second field where specific resistance is small to said second field periphery section as 
compared with said first field, and have the third field where specific resistance is small 
as compared with said second field. 

[0015] (2) In a manufacture method of a semiconductor device of having at least one or 
more electric field effects FET formed in the substrate surface which consists of a 
semiconductor A production process which carries out the ion implantation of at least 
one kind of element while using a gate field of said electric field effect FET as a mask (B, 
P, As, Sb, Ga, In, S, Se, Zn), A production process which forms the first mask field in said 
gate field periphery in self align, A production process which pours in ion which 
contains at least one kind of element among (B, P, As, Sb, Ga, In, S, Se, Zn) once [ at 
least ], Have a production process which forms the second mask field in said first mask 



JP8-255903A 



field periphery in self align, and a production process which pours in ion which contains 
at least one kind of element among (B, P, As, Sb, Ga, In, S, Se, Zn) once [ at least ]. 
[0016] 

[Example] The first example of this invention is explained using a drawing. Drawing 1 
is manufacturing process drawing of N channel metal oxide semiconductor FET which 
used the polish recon gate. Hereafter, the example is explained using this 
manufacturing process drawing. The oxide film 102 of 50nm of thickness is formed for 
the surface of n form silicon semiconductor substrate 101 of rate of specific resistance 10 
ohm-cm by 900 degrees C and heat treatment for 30 minutes in 95% steam ambient 
atmosphere. This oxide film is an oxide film which needs the ion driven in at the ion 
implantation production process in order to prevent the phenomenon which shows 
unusual distribution. Next, boron is poured in by the ion implantation method. The 
acceleration energy of a boron atom makes 70keV(s) and the amount of ion implantation 
the number of ion, and is lE13cm-2. 

[0017] Next, thermal diffusion is performed in nitrogen-gas-atmosphere mind. Diffusion 
temperature is 1100 degrees C and a diffusion time is 7 hours. Of this heat treatment, P 
well field 103 with a depth of 2.5 micrometers is formed. 

[0018] Next, an oxide film 102 is etched by buffer fluoric acid, and the oxide film 104 of 
15nm of thickness is formed by 820 degrees C and heat treatment for 15 minutes in 95% 
steam ambient atmosphere. This oxide film is an oxide film for the driven in ion to 
prevent the phenomenon which shows unusual distribution at an ion implantation 
production process. 

[0019] Next, the boron ion implantation for adjusting the threshold voltage of an MOS 
device is performed. 

[0020] The acceleration energy of a boron atom makes 70keV(s) and the amount of ion 
implantation the number of ion, and is 3E12cm-2. After etching an oxide film 104 by 
buffer fluoric acid, gate oxide 105 of 15nm of thickness is formed by 820 degrees C and 
heat treatment for 15 minutes in 95% steam ambient atmosphere. 

[0021] Next, 400nm of phosphorus dope polish recons is deposited with a CVD method, 
and the gate electrode 106 of 0.7-micrometer width of face is formed according to the 
usual photograph RISOGURAFU etching production process. 

[0022] Next, the LDD field 107 is formed according to a phosphorus ion implantation 
production process ( drawing 1 (a)). Acceleration energy makes 30keV(s) and the 
amount of ion implantation the number of ion, and is lE13cm-2. 

[0023] Next, the 1st sidewall field 108 with a width of face of 0.3 micrometers is formed 
by the CVD method and the dry etching method which made a silane and laughing gas 
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material gas. 

[0024] next, a phosphorus ion implantation production process - the - the 1-OV field 
109 is formed. This field is equivalent to the source/drain of an MOS device. 
Acceleration energy makes 30keV(s) and the amount of ion implantation the number of 
ion, and is lE14cm-2 ( drawing 1 (b)). 

[0025] Next, the 2nd sidewall field 110 with a width of face of 0.3 micrometers is formed 
by the CVD method and the dry etching method which made a silane and laughing gas 
material gas ( drawing 1 (c)). 

[0026] next, a phosphorus ion implantation production process -- the - the 2-OV field 
111 is formed. This field is a wiring field as which the source / drain field of an MOS 
device served conventionally. Acceleration energy makes 100keV(s) and the amount of 
ion implantation the number of ion, and is lE16cm-2. 

[0027] Finally, 1000 degrees C and processing for 20 seconds are performed, an impurity 
is activated as lamp annealing treatment, and N channel FET is formed ( drawing 1 (d)). 
[0028] the 1st to which the electrical property of this device governs the static 
characteristic of a device — since only about 1/50 amount was introduced compared with 
the usual device with which the amount of impurities of -OV also took wiring resistance 
into consideration, when it was set as the same threshold voltage, 1/20 or less value was 
able to be decreased with the current value in the operating point (cut off operating 
point) of gate applied-voltage =0V and drain applied-voltage =5V. Moreover, in 
pressure-proofing between the source of a device, and a drain, improvement in 30% or 
more was realized. 

[0029] Moreover, in the wiring field, since a dose was made into about 3 usual times and 
the diffusion depth was made deep about 50%, 1/2 or less was the specific resistance. 
Therefore, the delay by wiring decreased sharply and about 15% of improvement in the 
speed was realized as the whole system. 

[0030] the [ in addition, ] - since a 1-OV dose can optimize this field only as the source / 
a drain field, it does not need to take wiring resistance into consideration and can take a 
large setting range compared with the conventional process. Specifically, it is possible to 
set up in the about [ two E16cm - ] lE12cmtwo to two range, if a dose is made fewer 
than lE12cm-2 the - the resistance of a 1-OV field rises and it becomes the factor 
which degrades an MOS property. Moreover, if a dose is increased rather than 
2El6cm-2, since it becomes easy to produce a short channel effect according to a 
spreading effect peculiar to a high concentration field, it is not desirable. In not aiming 
at devices which ignored other properties, such as a super-high resisting pressure 
device and a ultra high-speed device, this dose serves as a value with about [ about / one 
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E13cm - / two to / three E15cm ■ ] two desirable range. 

[0031] the [ moreover, ] a 2-OV dose can be set up only paying attention to lowering 
wiring resistance. Specifically, it is possible to set up in the about [ about / one El4cm - / 
two to / five El7cm - ] two range. If a dose is made fewer than lEl4cm-2, since wiring 
resistance becomes large, it is not desirable. Moreover, since the rate of impurity 
activation will seldom improve even if it makes [ more ] a dose than 5E17cm-2, wiring 
resistance stops falling and practicality is lost. In not aiming at devices which ignored 
other properties, such as a super-high resisting pressure device and a ultra high-speed 
device, this dose serves as a value with about [ about / three El 5cm - / two to / three 
El6cm - ] two desirable range. 

[0032] Moreover, in this example, although Nchannel metal oxide semiconductor FET 
was explained, of course, the same property is given only by changing an impurity kind 
and ion implantation energy also about P channel MOSFET. 

[0033] Next, the second example is explained. Drawing 2 is manufacturing process 
drawing of P channel MOSFET which used titanium silicide for the wiring field. 
Hereafter, the example is explained using this manufacturing process drawing. The 
oxide film 202 of 50nm of thickness is formed for the surface of n form silicon 
semiconductor substrate 201 of rate of specific resistance 10 ohm cm by 900 degrees C 
and heat treatment for 30 minutes in 95% steam ambient atmosphere. This oxide film is 
an oxide film required in order that the ion driven in at the ion implantation production 
process may prevent the phenomenon which shows unusual distribution. Next, 
phosphorus ion is poured in by the ion implantation method. The acceleration energy of 
phosphorus ion makes 100keV(s) and the amount of ion implantation the number of ion, 
and is 7E12cm-2. 

[0034] Next, thermal diffusion is performed in nitrogen-gas-atmosphere mind. Diffusion 
temperature is 1100 degrees C and a diffusion time is 4 hours. Of this heat treatment, N 
well field 203 with a depth of 2.0 micrometers is formed. 

[0035] Next, an oxide film 202 is etched by buffer fluoric acid, and the oxide film 204 of 
llnm of thickness is formed by 820 degrees C and heat treatment for 8 minutes in 95% 
steam ambient atmosphere. 

[0036] Next, the boron fluoride (BF2) ion implantation for adjusting the threshold 
voltage of an MOS device is performed. This oxide film is an oxide film for the driven-in 
ion to prevent the phenomenon which shows unusual distribution at an ion 
implantation production process. 

[0037] BF2 The acceleration energy of ion makes 50keV(s) and the amount of ion 
implantation the number of ion, and is 8xl012cm-2. After etching an oxide film 204 by 
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buffer fluoric acid, gate oxide 205 of llnm of thickness is formed by 820 degrees C and 
heat treatment for 8 minutes in 95% steam ambient atmosphere. 

[0038] Next, 200nm of phosphorus dope polish recons is deposited with a CVD method, 
and the gate field 206 of 0.3-micrometer width of face is formed according to the usual 
photograph RISOGURAFU etching production process ( drawing 2 (a)). 
[0039] Next, the LDD field 207 is formed according to a boron ion implantation 
production process. Acceleration energy makes 30keV(s) and the amount of ion 
implantation the number of ion, and is lE13cm-2. 

[0040] Next, the 1st sidewall field 208 with a width of face of 0.2 micrometers is formed 
by the CVD method and the dry etching method which made a silane and ozone 
material gas. 

[0041] next, a boron fluoride (BF2) ion implantation production process - the - the 
1-OV field 209 is formed ( drawing 2 (b)). This field is equivalent to the source/drain of 
an MOS device. Acceleration energy makes 30keV(s) and the amount of ion 
implantation the number of ion, and is lE14cm-2. 

[0042] Next, the 2nd sidewall field 210 with a width of face of 0.15 micrometers is 
formed by the CVD method and the dry etching method which made a silane and ozone 
material gas ( drawing 2 (c)). 

[0043] Next, a titanium film is formed by the thickness of lOOnm using a spatter. 
Continuously, 850 degrees C and heat treatment for 20 minutes are performed. Then, 
titanium and the silicon of a substrate react and the titanium silicide layer 211 is 
formed. Then, if selective etching of titanium is performed, the titanium on an oxide 
film will be removed. 

[0044] next, a boron fluoride (BF2) ion implantation production process the - the 
2 0V field 212 is formed. This field is a wiring field as which the source / drain field of 
an MOS device served conventionally. Acceleration energy makes 60keV(s) and the 
amount of ion implantation the number of ion, and is 3xl015cm"2. 

[0045] Finally, 950 degrees C and processing for 5 seconds are performed, an impurity is 
activated as lamp annealing treatment, and P channel MOSFET is formed ( drawing 2 
<d». 

[0046] Since only about 1/50 amount is introduced compared with the usual device, this 
device is transient accelerating of a LDD portion. Furthermore, since the titanium 
silicide stratification is performed in the field distant from the LDD field enough, it has 
not been influenced [ most ] of the enhanced diffusion accompanying this production 
process. 

[0047] Therefore, it was hard to produce a short channel effect, and it had become, the 
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conventional device created at the same production process was not able to perform 
actuation even with 0.6 good micrometers even of gate length, but even 0.3 micrometers 
even of gate length could check performing good actuation compared with having 
responded even to the device of 0.7 micrometers of gate length on product level, and it 
has checked that it could respond even to the device of 0.35 micrometers of gate length 
on product level. 

[0048] As a device property, since gate length was made in half, capacity is improving 
about 60%. 

[0049] Moreover, in the wiring field, since it is small compared with the diffused resistor 
of the source / drain field, the specific resistance of titanium silicide has set up with 
titanium silicide and the dose which is the degree which can take ohm nature contact. 
[0050] the [ in addition, ] - since a l OV dose can optimize this field only as the source / 
a drain field, it does not need to take wiring resistance into consideration and can take a 
large setting range compared with the conventional process. Specifically, it is possible to 
set up in the about [ two E16cm - ] lE12cm two to two range, if a dose is made fewer 
than lEl2cm-2 - the - the resistance of a l OV field rises and it becomes the factor 
which degrades an MOS property. Moreover, if a dose is increased rather than 
2E16cm-2, since it becomes easy to produce a short channel effect according to a 
spreading effect peculiar to a high concentration field, it is not desirable. In not aiming 
at devices which ignored other properties, such as a super high resisting pressure 
device and a ultra high-speed device, this dose serves as a value with about [ about / one 
El 3cm * / two to / three El5cm - ] two desirable range. 

[0051] the [ moreover, ] - a 2-OV dose can be set up in the range which can take ohm 
nature contact, when using silicide for wiring. Specifically, it is possible to set up in the 
about [ about / one E14cm - / two to / two El6cm - ] two range. If a dose is made fewer 
than lE14cm -2, since reservation of ohm nature contact becomes difficult especially to p 
form, it is not desirable. Moreover, even if it makes [ more ] a dose than 2El6cm-2, the 
decreasing rate of wiring resistance becomes low. 

[0052] Moreover, in this example, although P channel MOSFET was explained, of 
course, the same properly is given only by changing an impurity kind and ion 
implantation energy also about Nchannel metal oxide semiconductor FET. 
[0053] the [ moreover, ] the side wall width of face for forming a 20 V field changes 
also with device properties to aim at. In the device created this time, although 0.15, 
micrometers was adopted as side wall width of face, unless it gives larger width of face of 
about 0.5 micrometers, an effective operation is not carried out with a device with 
longer gate length, for example, the device of 2 micrometers of gate length. On the 
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contrary, gate length becomes a value with about 0.1 micrometers suitable as side wall 
width of face on count in a 0.2-micrometer device. Generally, using the big sidewall 
width of face which can earn a process margin, when using gate length's long device, in 
order to reduce a eel size in the case of reverse, it becomes effective technique to use 
small sidewall width of face. 

[0054] Moreover, although the example so far explained MOSFET on a silicon substrate, 
of course, this is effective technology to the device which used all the semiconductor 
materials, such as GaAs, InGaAs, and InP, SiC, as the substrate. Moreover, it is 
effective also to the so-called semiconductor on insulator (SOI) substrate in which the 
semiconductor thin film was formed, on an insulating material as a substrate. Of course 
in this SOI, the device in which single crystal silicon, the amorphous silicon, and the 
polycrystalline silicon layer were formed on the oxide film is also contained. 
[0055] Moreover, although this example explained paying attention to MOSFET, of 
course, there is no reason limited to MOSFET, and, of course, it is effective also to 
MISFET, MESFET, etc. 
[0056] 

[Effect of the Invention] An effect as taken below by using the semiconductor device of 
this invention can be acquired. 

[0057] (1) Since an FET property and the electric resistance of the LSI wiring section 
are controllable independently, LSI which connected FET excellent in the 
punch-through property and the OFF state current property with wiring with a small 
time delay, i.e., LSI which can perform a low power and high speed operation, can be 
offered. 

[0058] (2) Since this structure is applicable to all types, such as a SOI device not only 
containing an MOS device but the thin film transistor formed on MES, the MIS device, 
or the glass substrate, of FET, that it is hard to make metal oxide semiconductor 
structure, this structure can be further taken to FET on SiC and C (diamond) etc., and 
FET on compound semiconductor substrates, such as GaAs and InGaAs, and its 
flexibility which is device layout improve extremely. 

[0059] (3) Since a sidewall configuration serves as loose inclination compared with the 
conventional LDD structure, ****** in the wiring metal spatter arranged on FET, the 
demarcation membrane CVD process between layers, etc. improves, and the reliability 
of wiring improves. 

[0060] Moreover, if the manufacture method of the semiconductor device of this 
invention is used, an effect as taken below can be acquired. 

[0061] (l) Since the same manufacture process as an indispensable sidewall 
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manufacture process can be used for the usual me taloxide- semiconductor structure and 

it is not necessary to adopt a new process, the process of this invention can be used, 

without investing in plant and equipment at all. 

[0062] (2) Hardly need the period which process development takes. 

[0063] (3) Since new material is not used, there are no worries about contamination of a 

manufacturing installation etc. 

[Brief Description of the Drawings] 

[Drawing ll N channel metal oxide semiconductor FET manufacturing process drawing 
for explaining the first example of this invention. 

[Drawing 2l P channel MOSLSI manufacturing process drawing for explaining the 
second example of this invention. 

[Drawing 3] N channel metal oxide semiconductor FET manufacturing process drawing 
for explaining a Prior art. 
[Description of Notations] 
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mm<ojtm*^t*'< iiuaAi-sxs 

[^W^PiWfcl&W] 

[0 0 0 1] 
[0 0 0 2] 

*«ffi*fflel|g (J^TLS I tm 
fc»V*6ifcfc«-»fla^¥«* (HTMO 

fc 0 Nfi'^VMOS FET^JIC^ «9, [g]3t;:S<5l^ 

[0 0 0 3] y TM2 X 1 0 15 cm" 3 ^)nl^> 
y =» 3 0 1 |r. ^rf ]i 3 X 1 0 16 c nT 3 cD 

P-WELL««3 0 2^t5 e K 
U^p W ^-^SrjTta*. 2 0nmC0y—h 

Sfti3 o 3%mmkmz£ vwtfrt-z* wuoon 
mo« K-^snfcjKy 3y*<t¥«Mfift (c. 

h e m i c a 1 V_a p o r D_e position: 

07^- b V y^77ffli K9>f ^^^fifSfcJ: r> 

tf-^aAlSSrfrVV SSi§WiaDD«*3 0 5«: 
(H3 (a) ) . 
[0 0 0 4] CVD«feldJ:9iMtJl«:*«L*: 
a#tt<oB5^ K7^3iyfy^iaS:ff5. CVD 



(2) ^8-2 5 5 9 0 3 

2 

0 6^M^K6 (03 (b) ) o 
[00 0 5] * LT, 5 E 1 5 c m" 2 mSiT*> 

y-VKW>®«3 0 7i«t5. £fc, 

[0006] tth&Ajtd*mvo&f£mk-rztc 

T^SJxS (133 (c) ) o 
[0 0 0 7] £l±Nfl'^^MOS FETcDSgigXg*: 

T^£cD£ * P ^ t^^MO S F E T O^igxa 

[0 0 0 8] 

[0009] com^^»^6fc^icfi x y-VKu 

[0 0 10] * (Ditto* l$*Jt<bSMmS£ 
30 if ^SMSrffilte l^ffi^/i< , £ 

So 

[ooii] c^f^um KI»&tt:«M&i*U y* 

mm^E.m^m^^^iyv^ b^%Mf&-rz>^m 
[0012] ^r-e, 

[0 0 13] 

50 [0014] (l) *i»t)45StRS®I^Six 



3 

-t-6«Ha36K*BJwfB-#tiSS:*i-6JR-«i«i:. At 
[0015] (2) *»*^e)46SS*ffil^*ix 

fc«ff»*FETi'M< fcfc-o»±#-t-6¥»<«£ 

iS^^tLT (B, P. As. Sb, Ga, In. 
S. Se. Zn) ©5*>*4< i t— mM<07um&^* 

l£Sg-^**f^£^J&1-£Xgi, (B, P. As, 
Sb, Ga. In, S, Se. Zn) <^5V>4< it 

^^«**Mt6l8i:, (B x P. As. S b . G 
a. In. S, Se. Zn) CD 5 *>*tt < i t — W&<V 

i"6^i 0 
[0016] 

sFETo»igxaia-e*)6 0 uat, reoKiSxsia* 

ffiV^HWJ^^oTVKo tfctttt*l 0Q • c 
mOnfr>!l =»>¥»#*Rl 0 1 ^®?r9 5%tK^ 
g#I^-C9 0 0t, 3 0^BB<D!R«iStcJ: t)JK*5 
0nm«I10 2Wt5o C <7>»ftM«>f ^" V 

7 o k e v. ^trh^mn^ *ismz. ix 

1 E 1 3 c m" 2 X*fc^)o 

[0 0 17] a*#H«*-e!Ri£*S:fT5 0 *£» 

MJK»l 1 0 0*0. l£1ft#IB«7»MB-cfc6. c^M 
m\Z£ 9. «S 2. 5ym(OP^/V««10 3« 

[0018] »«io2^w*ixx> 7 fy 

9 5%*3Rft#H« + t?8 2 0^ 1 5^B^i 
fell: J: 5 BW 1 5 n mtoBfkK 1 0 4 Sr^t S, - 

[0 0 19] MO S^M^K>Httflffi 

[0020] Mmm*(vbm^*^*r-n 7 0 k e v. 

>f ^-^fi"*>5i^*tt>r ^Stf- IT 3 E 1 2 c m" 2 T?*> 
60 ttfURl 0 4t«Wi-C*yf^Ufc«, 9 5 
%**«#Hft+t*8 2 0^, 1 5#BflOjR«ygfc: <fc «9 
B8?l 5 nmfDV- hSMfcKl 0 5 ^Mt6 0 



(3) #W8-2 5 5 90 3 

4 

[0021] #:tc. cvDftiaD, »k— ^tfy^y 

3y^4 0 0nmiSU il#tf>:7 * h y V ^7 :7 • ^ 
S^i^XgtZlJ: 9, 0. 7/img^-hHil0 6 

[0 0 2 2] «>r ThVfr^^XSlw J: LD 

Diil0 7«^ (HI (a) ) o 

-Ii3 0kev, ^tyfl^t^tyttaxi 

E 1 3 c m" 2 T'&5o 

[0023] i/7>k&%L&mntfxb Istccv 

10 D&i K?^*^^*!-*!)* «0. 3»m<Dmi 

[0 0 2 4] &tc. »>f*ViT^&*XgK:J:«K Sg 1 
-OV®«10 9W«o :o^|j:MOSf/M 

0 k e V. ^ ^-^JT*,5&*«tt>r ^V^iC LX1E14 
cm" 2 T'$3§ ((Hi (b) ) o 

[0 0 2 5] ftlc. ^y^SftSrBfi^ttfcCV 
DSi:K7^^ixf^ftia^ *S0. 3/im(OS2 

1M K**— /I'fiWKl 1 0.«r**t« (Hi (c) ) o 
20 [0026] »>r^-viT*>j&^xaJ-<t 12 
-ovsii i i*ffi&rrz>o :w«*tts «mos 

~C£>£o *D5£^^/V^— 1 0 0 k e V. 4 Ir^ftV-yL 
^ili^tySClX 1 E 1 6 c m" 2 Xfc6o 

[0 0 2 7] 7^T^-/^StlX, 10 

0 0t, 2 0#OM312rfrl\ 3F*B»«:ettft;S-fr. N 
^*^FETas«fifc*ft5 (HI (d) ) o 

[0 0 2 8] CCD^M^COmSl^tt. 7*'<>f**>l* 
»ttSr*IE-rs»l - OVO^IC«j*dsgEj»«6tSrt# 
30 flCbfcil^^-r^t-it^l/S 0gS(Ott^A 

hEPJ!?nm/£=0V. KW>H1*P«0E=5VO»^ 
[0 0 2 9] £fc. E*>««-ettK-X*Srii*^3ffiP 

40 sacoK3e^*ab*i 0 

[0 0 3 0] 4*5, Sgl -OV K-Xgte, C 
IdJt^KSttBB^JS: < i*L5o 1 E 1 2 c 

m" 2 ^^>, 2 e i 6 c m- 2 mm<D%&mx+mi£-tz> r i # 

^T«Bt?*>5o lEl2cm" 2 J:nK-XMW<t 
5i. *l-OV«*<0«tt«dS±#b, MOSHM 
^$t6SS^^o 2 E 1 6 cm" 2 J: 19 t K 

50 ffi^Y^»*^*bS<46fc«>»*U<4v^ fiK 



5 

1 E 1 3 c m" 2 gS^^, 3 E 1 5 c m" 2 MOgii^ 

[0031] ^fc. i2-ovK-xtit mmt&fo* 

E 1 4 c m" 2 liSd^, 5 E 1 7 c m~ 2 gfl?tf><Kia-CR 
6*an5Tffi*T?*>6o 1 E 1 4 c m~ 2 <fc «9 t K— X* 
EH««;^*:*<<c6fcae>»*b<* 

Xt(l s 3 E 1 5 c m~ 2 m&^h. 3 E 1 6 c ur 2 UX 

[0 0 3 2] £/c, ^OUSW-eit, Nft^«OS 
FETi:ov^RBLfc^ t)^Pft^MOS 

[0033] *tc, m^mmm^mM-r^. mzns. 

T|Bfi0J<0RW&ffoTl^<o JfcJ&StstSi 0Q • crn<7) 
n y a 2 .0 1 co^ffi&r 9 5 %7k^^# 

ffl^9 0 0t, 3 0M«OMliaDlgS5 0n 

HtlOOkeV, ^^-vfr^>^^fifi-f tytniT 

7 E 1 2 cm~ 2 T*fc<5o 

[0 0 3 4] ftlc, **#H**-CflMt*«rfT5o *£» 
Ilfil loot, i£»«FlBtt4«FlB"C*)S 0 w^ffe^ 
m\z£ <9 X 2. 0Mm©N^*;v«*2 0 3^ 

[0 0 3 5] @£ft:§|2 0 2Sr««*K-C^y^> 

SJClJ: 1 nm<D®Hbl^2 0 4^Mt6 0 

[0 0 3 6] MOSx^^^BMtftiBESrWIS-*" 
Sfc«>ro»-fkWiR (B F 2 ) ^*>tt*>i&*&fT5o C 

[0037] BF 2 ^ ^->^*D3$^^/V^r — 5 0 k e 

v. -r ^-^}r^^^s«-r It 8 X 1 0 12 c m 

9 5%7K«»#Hft c t J "e8 2 0t, 8 5>BB^jR«L3l 
irj: t)BWl 1 nmcoy- h»<tB£2 0 5&J&f&~tZ> 0 
[0 0 3 8] cvDffiCiJ:^ »K-^#y 

3^20 0 nm«8U il^O^^ hyy^77-x 



(4) ^1¥8~2 5 5 9 0 3 

6 

^fy^IgiaD> 0. 3(im«^-h««2 0 6 
&m&-tZ> (H2 (a) ) . 

loo 3 9] mm<<*^tth&frTM\z£ l 

DDffi*fc2 0 7&»fiM-£o teSx^;V^-|j;3 Oke 
V. ^iT^a^*!*^ LT 1 E 1 3 c m" 2 

[0 0 4 0] >^ isbjry^&mntfXk L/cC 

VDSi:K7-fx;xfy^ffiia^ «0. 2,zmCDSg 
11M H**— ^m&2 0 8^Mt6 0 
10 [00 4 1] (B F 2 ) >f 5f->frt>5&* 

lSi:«fc^ »l-ov««2 0 9S:«fiJt6 (8 2 

(b) ) o C^«HMOSf^^©y-VKW 

^&*»±>f ^$ClC LT 1 E 1 4 c m~ 2 T*&6o 
[004 2]fc ix^^^^-^VSrlRW^t LfcC 
VDfet K^^j/^-^flsKJ: tK 460. 1 5 Mm*) 
I2f K!>t-^«2 1 OSrMtS (B2 

(c) ) . 

[0 0 4 3] VlRSr^^y^jSfeSrflav^T 1 0 

20 0 nm(Df$-C«t6 o Wt, 8 5 0t, 2 0#cO 

jSU f^y->yt-f KS2 i l^M^tt^o «v> 

[0 0 4 4] ^bW* (BF 2 ) -Y^JT^ii* 

xgtcj:!), S2-ov^2i2^Mt6 0 :^)S 

tex^t£mBm&tx*ibz> 0 tom=^*^*?-t*6 oke 

V. 4 *^mz. LT 3 X 1 0 15 c m 

30 _2 T&£ 0 

[0 0 4 51 MC, 7ls7T~->V%mt IT, 9 5 
0^, 5»<fc#yiS:fTV\ ^M»*fittffcSit\ P^* 
^MOSFET«^6 ((2)2 (d) ) 0 

[0 0 4 6] wCOt*/^ *fi. ii^Oy^M^Ullfc^l 
/5 0SSOi[L^»ASlx-CV^V^«)LDD«^ 

40 [0 0 4 7] *<Dfc$>^ M^^/V$^£CJS< &o 

hSO. 6 mnS-eUd^ASittfNSrfffci". »i& 
^"Cfiy— hSO. 7 ^mCO-x^^^Tlwb^f&T 

3 5 /* m(O^M^*^^L^»l£-C#*Cfc^fl|B-c 

[0 0 4 8] f/q^»ttfcUtt, y-hS^r^tw 
T#7cJt#>, 6 0%SSfB^«rolJibTV^o 

so [0049] BE3»«*t?tt. y->yt-f Ktf) 




7 

[0 0 5 0] ^ib\ K-XfH wCOM*&£ 

\z^m^mt^< ttiz> 0 jMttti-w:. i e 1 2 c 
m - 2 ^e>, 2E i 6 cm- 2 asco«iiar^^i-^^^^ 

■Sfffi^fc^o lE12cm" 2 J;HK"-Xim<t 
Z>t. SBl-OV««EO«8ttt^±#L. MOSW^: 
2Mfc£it:6*B£fc'5o 2E 1 6 cm" 2 J: 19 t K 

«^^>i^***4D*<tt*fc*e>»*b<<cv\ mm 

1 E 1 3 c m" 2 gS^e>, 3 E 1 5 c m" 2 SS<^$iiffl^ 
[0 0 5 1 ] S2-OV K-xi«, v-y ^ K 

X^6 0 £r{*«fc«\ lE14cm" 2 88^ 2E1 

6 c m- 2 sffi^g5H"CK^i-6*30 s ^riB-e*>s o i e i 

4 c m" 2 J: D t K-Xitr*ft < 1 6 , 
©aW»l:p«l:»fC8L< l< 4 

v\ ^fc, 2El6cm- 2 J;!)K-XM#<ltt), 

[0 0 5 2] w(OHjffi^J-e«> Pft^MOS 

[0 0 5 3] £fc, SB2-OV««Sr»fi8i-e>5:«>^ 
TO. 1 5 um%Umi>tz&. toty- Ht0>*l^ 

f+g±T*telM K*a™ /MB& LT, 0. UrnSS^ 

^ k**- a4b«:jbv\ mnm&ia*. 
[0054] cr^wiiwtn vyavi 

fi±©MOSFETl:oV^RWLfc^ Cixtt:t>*>^ 
A^GaAs, InGaAs, I n P. S iC<f^ ±T 

/c, i^fc^s-fc^ • ^ • -fyva t — * 

(SOI) Stefc#LTfcW3»-C*6 0 £<0SOI<0* 



i) #H^8-2 5 5 9 0 3 

8 

[0 0 5 5] £/c. *^«P]-efj:MOSFETI^@L 
TKWLfc^, MOSFETKffi^SnSSSfi^Jftfc 
<. MI SFET, MESFETfl:^lTt>t>^^ 

[0 0 5 6] 

10 [0 0 5 7] (1) FET#tt^LSIiEi^««ffi 
7 «««M*K:tf FET^ ilKWIBtf/h $ v ^gfii&re 

l s i tfsi§#re#5o 

[oo58] (2) zcommn. most^^p^ 

1\ MES, Ml Sv^M*&£W2;#^*S^±(^ 

/*£*ifc»J8i h7y^^^tf so if^^^^ 

Jb^>6^^^FETtCiSffiX#5fc^s MOSiSiS 
<^?)|:<^GaAs, I nGaAs4^»**#S 

F E T^Ul^LTw 5 C: t^T^. ^'M* 

[0 0 5 9] (3) t>f K^-/W»LDD 

[0060] ^fc, *mw(n¥mftmwv>mmi7m&m 
[oo6i] (i) mm<DMosffim\z&mxibzi}'>( 

X%Z> 0 

[0 0 6 2] (2) Xn-fe^§H«lcSi-*»3lfflSr»^ 

[0063] (3) •fa«i«*fflv^Tv^4v^fc«), mm 

if \, 
II2lffi^f»m*aM] 

[Ell] *ISWro»-<o||J6«&IftM-#-S^*ON^Y 
40 ^VHMO S F E T^jtX3g[gl 0 

[0 2] **M^JB-o|llftW*»Mt-6^«><OP^ir 
^/VMO S L S I »i&Xaia o 
[0 3] tt^ttflfSrRWtSfcft^Nft^MOS 
FET§gj£Xg{2| 0 
[flf^SfcW] 

1 0 1 • • • n*V!)3y¥»#18 

i o 2 • • • mitm 
i o 3 • • • pt^jixmm 

1 0 4 • • • ftfcR 

50 i o 5 • • • hmitm 



(6) 



#BB¥8 - 2 5 5 9 





9 




10 


106 • 


• • y- bmm 


2 0 8 • 




107 • 


• • LDD^igc 


2 0 9 • 




108 • 




210 • 




109 • 


• • m-ovmm 


211 • 




110- 




212 • 


• • iiov«« 


111 • 


- •SZOVgSc 


301 • 




2 0 1* 




3 0 2- 


• • p ^m/M^c 


2 0 2 • 




303 • 


• • y- hwtitm 


2 0 3- 




3 04 • 


• • y- hm^ 


2 0 4- 


• ■ mitm 


10 3 0 5 • 




2 0 5 • 




306 • 




2 0 6 • 


• • y- 


307 • 




2 0 7 • 
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[02] 
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(a) 
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109 
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07 
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05 



ibs 



(c) 



110 



108 



-107 



111 106 



x < 105 V 



109 



(d) 



103 
101 

103 
101 

103 
101 



(a) ^208 



206"^ 



205 



209 



(b) 



21 



08 



206 



207 



205 TT~ 
209 



-203 
-201 



-203 
-201 



203 
-201 




* 



(7) 



!ftm¥-8 - 2 5 5 9 0 3 



[H3] 



04 



305 



303 



-302 



(a) 



304 



06 



305 



303 



302 
301 




^ 3bf*T 



307 



^302 
^301 



(c) 



